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Method, Bppmtasm&Bottwxe tot aoalysmg perfiisicniixiutges 



The invention relates to a method for analysing perfiasion images, in particolar 
MRper&sloA images, of a human or animal organ including th& steps of 

(a) defining at lea^ one oonbmr of the organ, and 

(b) establishing st least one pezfusion parameter of a region of interest of said 
5 organ Attain a boundaiy defined by the at least one contour. 

Fromdieartide''MRpafimoniznagmg:cotre!^ * 
quantitative angiography^, (Kiblli^Sied in Magnedc Resonance Materials in I^ysica, Biology 
and Medicine 1 1 ^000) 71-72 by J. Schwltter en O.IC von Schulthess, it is known to apply 
quantitative tools for obtaining pixdvdse slope m^is of registered MR p^fusion data sets in 
10 a method for detecting stenosed coronary arteries fiom the heart Analysis of npslope 

(meariing perfusion rates), rather than otiierpaxBmeters is said to provide a very seosxtive and 
specific measure of myocardial ischemia. Measuring 4ie upslope provides a semiquantitative 
measure of absolute perfimon, even wifii patients having tr^e v^sel disease. 

The invention ainis at ixnprovizig^ roeOiod mentioned in ^ introductory 

15 par^jtaph. 

. . To tins end, the method of the inveiKtion is cfaarac^^ 

(b) are r^eated hi a series of iterative $tef» iwhennn for each sub 

definition of the at least one contour in st^ (a) is varied, and the series of itemlive steps is 

temunatfid afier reaching an optimal vabe fhr ^ at least one perf^ 
20 By Ms measttie, a very accurate determmationofanarg^nfa boundaries 

possible allowing fisr a consequently also very accurate determination of the perfusion 

parameter or parameters tfaact are to be eslabllahed. 

The niediod of the inevention is pardculady useM 

and the regjbn of interest is ihobeaxtfa myocar^im or a seg 
2S ItisremadQBd,howe(vec,1batihepstoffliehxvead<ma^ 

protection flfEbrded hereby is not liniitBd to analysis 

heart's myocardium or one or more segments thereof. The invention may equally well be 

iqipfied in respect of other organs, for instanced brain The 

explanation below iwfth respect to the analysis of peifiision tsuiges of the heart, and in 
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particular the hearts myocardium, serves thetefoie ptinudly to elucidate iho mediad w&out 
bebg restricted to diat sixigle applied 

preferably, ixx step (a) the Vner contour and/or the outer conlour of the heart's 
njyocardium is defined. Although CM 

of ae inventioa to variation of the myocardium's inner contour, parficulady good results aro 
attainable if both fb^ inner coxrtour and the, outer contour of the heart's myocardium are 
varied. This vflTi^OT^ ftgcwr simuRaiifloualYT but it is preferred to execute tfie variations 
snbaequently. 

Suitably the perfusion parameter to be established is selected fiom the grot^ 
ooaQaising maai i^slope, time to peak husensi^, time of contrast arrival, time to half 
' nuKfammii inteni^, accumulated taflow or combinations tiicreof It is found particularly 
advantageous howver that in stq> (b) the perfusion rate (or ups^ 
yMth Ihr^ myg t>^"^ perfiidon late oocats ia established. These parameters provide effective 
indication of the perfiision of tiie or8» being analysed. 

}i^Q3se the myocardium's inner contour is varied, the method of the hive^ 
is particularly well cgpUed by executii^ tiie series of iterative steps and t erminating tiiese 
series after reaching an essentially constant vahie for tiie perfhsion rate and/or said time at 
^chthe maximum petfhsioniale occurs, as con» 
time in a previous iterative step. 
20 The invention is fiffther embodied in a software program for a conq>uter of an 

ionimages.as 
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ex^aised above. 

The invesKtion is fhrther embodied in an iq^paratos 1^ 

to execute said method. 
25 TijemveationshaU now be fiiftiiereluddatedwifli reference t^ 

non-limiting ©cemplary embodiment of flie invention witii reference to ttie diavra^ 
la the drawing it is shown 
in Fig. 1: ashort axis slice through aheart; 

laFlg. 2: intensity time curves of a bohss passage through sections of the 

30 heart; 

in Fig. 3 : pecfiislon paiamders varying depending on radial dis p lacem e nt of an 
hmer myocaidial boundary, and 

in Fig. 4: variations of perfiision parameters depending on disp l acem e n t s of a 
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Intfaa example^ the infitbod analj^ 
myocardial of tbalaft ventricle^ 1). Reduced blood perfusion of the 

myocardium 1 of die left veobide 2 ie a direct result of caidiovascolar diseases. For 
sieasuring the periuston of die o^yts^^ 
5 heart is monitored ^wilh MR or ollieximagi^ 

aie obtained by maldxig scans of slices 3 duooilh the myooanSum 1 during a period of 20 to 
40 secoxids. In aa image sequence, it caa be monitoied tb^ 

vexxtriole 4, dien the left veiitricle 2, arid finally the myocard 1. 

The perfusion of these parts of the beait is imaged and die imag^ 
10 si^^sported by the contrast agexit The intensity of ^ 

showninMg. 2. IlieX- axis of Fig. 2 sbov^ time as an independent variable* i^iAulsttfae 
axis shows die intoisity of the nieasuxed peifus^ 

ag^ first enters the ri^ ventziele. This is sbowuby grs^b A. Subsequently, the contrast 

agent arrives at the left ventricle as she by gr^ B . Finally die contrast agent arrives at 
IS themyocardhimassho^by gr^hCTheintensi^tiniec^ 

myocardium is used for axialysing the perfusion of the myo^odiu^ 

Since die signal in ti^myocardhon 1 is very noisy, generally the myocardium 

1 is divided into segments and die measuremfiDts are averaged over these segments. These 

^gmects preferably coincide witii areas of the myocardium 1 ^^diich are supplied with blood 
20 ftom a certain coronary artery. In this way. if a reduced perfusion is observed in a myo cardial 

s^ent» it can be traced bade to tbe sillying artery. 

Since die signal strengflis Indie left 2 and right 4 ventricles are naichhighgr 

dsanindiemyocariUum 1, extreme caie should be taken not to include any part of die left and 

riglit ventricles into die ntr/ocardial segments . This is not as easy as it seems, since the 
25 boundaries ofihe left and ventrldeUood volumes can be very ire 

of papilar muscles and trabeculae. 

Also the boundaries of die mtyocatdium i are often not clearly visible in a 

single im^e of the sequence or even on a maxmnim intend projection duoughtmie. 

Furdiermor^ the images generally have a radier loifv tesoludon (typically 128^^128 pixels) 
30 and only a few pixels are available fi>r averaging widnn a segment 

The paranifitBrs diot are of interest in analysing the perfusion are on die one 

haxid the perfusion rate or i^slope as indicated in Fig. 2 wx^ 

and on the other hand the tiii»ttt at vddch die maxlmiimpcrfiig 

to a specific situation laidth a fixed inner bouiidary and ouw 



^ 010 21.06,2002 ri:51:5 

PHNU)20579BPP 

4 21,06.2002 
Figs. 3 and 4 show ^ resohs yrfth a V9iy^ 
outer oostoiir of myocardium 1 reqpecdveiy, aod ^ multing value of fbd m a ximtt i n upslope 

3 axui 4 left and dghl respectively). 
5 IteX-^axis of Figs. 3 and 4 shows asHie ind^^end^ variablo a variation of 

the concenuBg contour of the myocardium (Fig- 3 : nmcr contour. Fig. 4: outer contour). 

From Fig. 3 is toOjym 4asX when the myocardium's inner contour is varied, 

eventually the above-mentioned perfhskm parameters reach an ess^ti ally constant value, 

^rtiilst further variagon of &e inner contour, iA a dtminishine diametgr beyond the point at 
10 whidtithe constant value is readied, doea no longer eSect dther flie maximum perftision rate 

or the time at ^g^ch such maximum perfiiaim rate occurs. The point beyond yvindx flirthfir 

variation of the inner contour does uo longer effect the perfhs^ 

established to rep^smt tiie measured inner contour that ^ 

true boundary of the myocardhmL 
^5 Likewise^ vvhen varying the outer contour of ihe myocardiumt an oi:timal 

vahw of both the perfusion rate and the titne at ixM^ 

can be established (see Fig. 4), The outer contour value corresponding to these optimal values 
is &en taken to accurate^ tqoesent flw actual outer boimda^ 

When one or more optimal values of the said peiflision paramet^ 
20 cstablidjed, furflier iteration by repeatedly defining a contour of the orgaa and subsequeafly 
fy»fiWf flWng fit least one pttfii^ uaiameter of the analysed region of interest of the organ 
can be terminated ii this way, an accurate xnethod for detect 
defined tiiai ensures ftat no part of ^ left ventride 2 or ri^ va^ 
perfiision images of the myocardium 1. 
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CLAIMS: 



1. MethtMlfbranal^ingpKfusionimag^ 
ft hnwffi or ^wyfli Q^gft'y ir^ ^l ^^ ^ fr g {"t^y fff 

(a) defining at least one CQDtour of file OEgaBi an^ 

(b) establistong at least one peifu^ 
5 organvirifiunaboinidary^^ 

characteriseed in lliat steps (a) and (b) are iq^eaied in a series of iterative st^ ^wfaezdn for 
cacb suhsequent iteiath^ step file definiti^ 
aod die series of iterfltlvo stq^ Is ternsfaaied afier 
one petfiision psraniBter izi step (b)» 

10 

2. Mdhod accorfiog to claim l»characr^ 
region of interest is file lieatf^ myocaidbm w a s^gme^ 

3. Mellu)daccoxdingtodasm2.cliatacterized]att^ 
IS and/ctffiieoiitereoatoiiroffiieheartfsmyocBrdiQ^ 

4. l^fefiiodaccoiduigtoanyondofcil^^ 
perfiisicmratg or igslope and/or fiietiaie at v^iich 
est&blishcd- 

20 

5. Metiu)dai»oidii^tDclainai4»o3iazac^^ 
xQyacsrdium's inner contour is varied and fimt l^ 

reaching an ess^xtially constant value for fiie pezfusion rate and/or said time at 'wbidh lh& 
maxinuim pexfosion noe occu^ 
25 previous iteiatLve^ep. 



6. Software progiani fac a conqniter of an zppsxstM fanj^emenlBd to cacecote the 

mefiiod accotdins to any one of claisis 1*5. 
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7 ^vppaiatuscompiisingineaiis to execute ftemettiodaccor&ie to 

^■| (>imS 1-5. 
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ABSTRACT: 



The invention relates tt> a method for analysis 
MR perfiiffT^" imflge g,, of a human or animal organ including the steps of 

(a) defining at least one contour of tihe organ, and 

(b) establishing at least one perfusion parameter of a tegion of interest of said 
5 organ vA&ia a boundary defined by the at le^ one contour, whereby steps (a) and (b) aic 

icpeated in a sedes of iterative stq>s wherein for each subsequent iterative st^ the definition 
of the at least one contour in step (a) i$ varied, and the se^ 
afier readmg an oprthnal vahie for tfie at least one pex^^ 
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Fig. 2 
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Fig. 4 



